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(54) SEMICONDUCTOR MEMORY DEVICE INCLUDING MEMORY CELLS

(57) A semiconductor memory device includes a first
memory cell (MC1) including a first variable resistor ele-
ment (VR1) and a first cell transistor (CT1) connected to
the first variable resistor element (VR1) through a first
source-drain electrode (SD1), a substrate (200) having a
first surface (201) connected to the second source-drain
electrode (SD2) of the first cell transistor (CT1) and a

second surface (202) opposing the first surface (201), a
first bitline (BL1) connected to the first source-drain elec-
trode (SD1) of the first cell transistor (CT1) through the
first variable resistor element (VR1), and a first source
line (SL1) disposed on the second surface (202) of the
substrate (200) and connected to the second source-
drain electrode (SD2).
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Description

1. Technical Field

[0001] Example embodiments are directed to a semi-
conductor memory device, and more particularly, to a
nonvolatile semiconductor memory device configured to
reduce read margin errors.

2. Discussion of Related Art

[0002] A nonvolatile semiconductor memory device
retains stored data even when not powered. Examples
of the nonvolatile semiconductor memory device include
a magnetic random access memory (MRAM) and a re-
sistive random access memory.
[0003] TheMRAMstores data in amemory cell using a
change in resistance of a magnetic tunnel junction (MTJ)
element. The resistance of the MTJ element varies de-
pending on whether a magnetization direction of a free
layer is the same as that of a pinned layer.
[0004] The RRAM stores data using a resistance
change caused by the movement of oxygen vacancies.
An RRAM may have different resistances depending on
the characteristics of a resistance change caused by a
change of a magnetic field formed in an insulating layer
disposed between two metal layers.
[0005] Recently, with the increasing demand for min-
iaturization, high integration, and the development of fine
processes for semiconductor memory devices, the size
(or width) of metal lines for a read or write operation of a
memory device is also decreasing.
[0006] However, in a structure of a memory cell, the
resistance of a metal line is increased as a size of the
metal line is decreased. The increased resistance may
reduce a read margin for a memory device. In addition,
when the resistance of the metal line is increased, a
mismatch in the readmarginmayoccurbetweenmemory
cells close to a sense amplifier and memory cells distant
from the sense amplifier. Thus, a read operation may not
be performed normally.

SUMMARY

[0007] Example embodiments provide a semiconduc-
tor memory device for significantly reducing the resis-
tance of metal lines in memory cell arrays and effects
caused by the resistance of the metal lines.
[0008] According to an example embodiment, a semi-
conductor memory device includes a first memory cell, a
substrate, a first bitline, and a first source line. The first
memory cell includes a first variable resistor element and
afirst cell transistor connected to the first variable resistor
element through a first source-drain electrode. The sub-
strate includes a first surface connected to the second
source-drain electrode of the first cell transistor and a
second surface that opposes the first surface. The first
bitline is connected to the first source-drain electrode of

the first cell transistor through the first variable resistor
element. The first source line is disposed on the second
surface of the substrate to have a first width and is
connected to the second source-drain electrode.
[0009] According to an example embodiment, a semi-
conductormemorydevice includesamemorycell array, a
first bitline, a first source line and a substrate. The mem-
ory cell array includes a plurality of memory cells, each
including a variable resistor element and a cell transistor.
The first bitline and the first source line are connected to a
first memory cell, among the plurality of memory cells.
The substrate is connected between the firstmemory cell
and the first source line. The substrate includes a first
surface adjacent a first cell transistor and a second sur-
face opposing the first surface. The first bitline is con-
nected to the first cell transistor through a first variable
resistor element of the first memory cell. The first source
line is disposed on the second surface of the substrate
and is connected to the first cell transistor.
[0010] According to an example embodiment, a semi-
conductor memory device includes a first memory cell, a
substrate, a first bitline, a first wordline and a first addi-
tional wordline. The first memory cell includes a first
variable resistor element and a first cell transistor con-
nected to the first variable resistor element through a first
source-drain electrode. The substrate includes a first
surface connected to a second source-drain electrode
of the first cell transistor and a second surface opposing
the first surface. The first bitline is connected to the first
source-drain electrode of the first cell transistor through
the first variable resistor element. The first wordline is
disposed on the first surface to connect to a first gate
electrode of the first cell transistor. The first additional
wordline is disposed on the second surface of the sub-
strate and connected to the first gate electrode.

BRIEF DESCRIPTION OF DRAWINGS

[0011] Theaboveandotheraspectsand featuresof the
present disclosure will be more clearly understood from
the following detailed description, taken in conjunction
with the accompanying drawings.

FIG.1 isablockdiagramofasemiconductormemory
device according to an example embodiment.
FIG. 2 is a diagram illustrating a configuration of a
first memory cell included in a memory cell array
according to an example embodiment.
FIG. 3A is a diagram illustrating a first memory cell
including a first variable resistor element according
to an example embodiment.
FIG. 3B is a diagram illustrating a first memory cell
including a first variable resistor element according
to an example embodiment.
FIG. 4A is a plan view illustrating a first surface of a
substrate, on which a plurality of metal lines are
disposed, according to an example embodiment.
FIG. 4B is a bottomview illustrating a second surface
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of the substrate of FIG. 4Aonwhich a first source line
is disposed.
FIG. 4C is a cross-sectional view of the substrate of
FIGS. 4A and 4B, taken along line A-A’.
FIG. 5A is a plan view illustrating a first surface of a
substrate, on which a plurality of metal lines are
disposed, according to an example embodiment.
FIG. 5B is a bottomview illustrating a second surface
of the substrate of FIG. 5Aonwhich a first source line
is disposed.
FIG. 5C is a cross-sectional view of the substrate of
FIGS. 5A and 5B, taken along line B-B’.
FIG. 6A is a plan view illustrating a first surface of a
substrate, on which a plurality of metal lines are
disposed, according to an example embodiment.
FIG. 6B is a bottomview illustrating a second surface
of the substrate of FIG. 6A on which a first additional
wordline and a second additional wordline are dis-
posed.
FIG. 6C is a cross-sectional view of the substrate of
FIGS. 6A and 6B, taken along line C-C’.
FIG. 7A is a plan view illustrating a first surface of a
substrate, on which a plurality of metal lines are
disposed, according to an example embodiment.
FIG. 7B is a bottomview illustrating a second surface
of the substrate of FIG. 7A on which a first additional
wordline and a second additional wordline are dis-
posed.
FIG. 7C is a cross-sectional view of the substrate of
FIGS. 7A and 7B, taken along line D-D’.
FIG. 7D is a cross-sectional view of the substrate in
FIGS. 7A and 7B, taken along line E-E’.
FIG. 8A is a plan view illustrating a first surface of a
substrate, on which a plurality of metal lines are
disposed, according to an example embodiment.
FIG. 8B is a bottomview illustrating a second surface
of the substrate of FIG. 8A on which a first additional
wordline and a first source line are disposed.
FIG. 8C is a cross-sectional view of the substrate of
FIGS. 8A and 8B, taken along line F-F’.
FIG. 9 is a circuit diagram illustrating a configuration
in which a control logic circuit according to an ex-
ample embodiment reads data, stored in a memory
cell array, using a sense amplifier.

DETAILED DESCRIPTION

[0012] Hereinafter, example embodiments will be de-
scribed with reference to the accompanying drawings.
[0013] FIG. 1 is a block diagram of a semiconductor
memory device according to an example embodiment.
FIG. 2 is a diagram illustrating a configuration of a first
memory cell included in amemory cell array according to
an example embodiment.
[0014] Referring to FIG. 1, a semiconductor memory
device 100 according to an example embodiment in-
cludes a memory cell array 110, a row decoder 121
(e.g., a first decoder circuit), a column decoder 122

(e.g., a second decoder circuit), and a control logic circuit
150.
[0015] According to an example embodiment, the
semiconductor memory device 100 includes a memory
cell array 110 including a plurality ofmemory cellsMC1 to
MCn.
[0016] For example, the memory cell array 110 may
include a plurality of memory cells MC1, MC2 to MCn
disposed in a matrix of rows and columns. Each of the
plurality of memory cells MC1, MC2 to MCn may be
connected to a plurality of wordlines WL1 to WLn, a
plurality of bitlines BL1 to BLn, and a plurality of source
lines SL1 to SLn (where n is a positive integer).
[0017] According to an example embodiment, the
memory cell array110 includesnonvolatilememory cells.
[0018] For example, the memory cell array 110 may
includeaplurality ofmemory cellsMC1 toMCn,whichare
resistive memory cells such as phase change random
access memory (PRAM) cells or resistance RAM
(RRAM) cells, nano floating gate memory (NFGM) cells,
polymer RAM (PoRAM) cells, magnetic RAM (MRAM)
cells, or ferroelectric RAM (FRAM) cells.
[0019] In addition, according to an example embodi-
ment, the memory cell array 110 may include spin trans-
fer torque magneto resistive RAM (STT-MRAM) cells.
[0020] In the following, an example will be provided in
which the memory cell array 110 includes memory cells
including an STT-MRAM or an RRAM.
[0021] At least a portion of the plurality ofmemory cells
MC1, MC2 to MCn may be selected by a row address
XADD and a column address YADD.
[0022] For example, at least one wordline may be
selected by the row address XADD. In addition, at least
one bitline and at least one source line may be selected
by the column address YADD.
[0023] For example, among the plurality of memory
cells MC1, MC2 to MCn, a memory cell connected to a
wordline selected by the row address XADD and a bitline
and a source line selected by the column address YADD
may be selected.
[0024] According to an example embodiment, the
semiconductor memory device 100 includes the row
decoder 121 selecting at least a portion of the plurality
of wordlines WL1 to WLn.
[0025] For example, the row decoder 121may decode
the row addressXADD to activate a correspondingword-
line, among the wordlines WL1 to WLn.
[0026] In addition, the semiconductor memory device
100 may include the column decoder 122 that selects at
least a portion of the plurality of bitlines BL1 to BLn and
the plurality of source lines SL1 to SLn that correspond to
each other.
[0027] In addition, the semiconductor memory device
100may include the control logic circuit 150 connected to
the row decoder 121 and the column decoder 122.
[0028] The control logic circuit 150 according to an
example embodiment may receive a command, an ad-
dress, or write data from a processor or memory con-
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troller. The control logic circuit 150may generate various
control signals (for example, a row address XADD and a
column address YADD) used for an access operation to
thememorycell array110, suchasprogramoperationsor
read operations, in response to the command and the
address.
[0029] For example, the control logic circuit 150 may
execute software (or programs) to control at least one
other component (for example, the row decoder 121 or
the column decoder 122 of the semiconductor memory
device 100) and perform various data processing or
operations. The control logic circuit 150 may include a
central processing unit or a microprocessor, and may
control the overall operation of the semiconductor mem-
ory device 100. Therefore, it may be understood that the
operations performed by the semiconductor memory
device 100 are performed under the control of the control
logic circuit 150.
[0030] According to an example embodiment, the con-
trol logic circuit 150 includes an algorithm for controlling
at least a portion of the row decoder 121 and the column
decoder 122. For example, the algorithm may be soft-
ware code programmed in the control logic circuit 150.
For example, the algorithm may be hard-coded in the
control logic circuit 150, but example embodiments are
not limited thereto.
[0031] According to the algorithm, the control logic
circuit 150 may store data in each of the plurality of
memory cells MC1, MC2 to MCn or read the data stored
ineachof theplurality ofmemory cellsMC1,MC2 toMCn.
[0032] According to an example embodiment, the con-
trol logic circuit 150 may apply write current to a memory
cell, selected through the row decoder 121 and the
column decoder 122, to store data.
[0033] In addition, the control logic circuit 150 may
apply read current to a memory cell, selected through
the rowdecoder121and thecolumndecoder122, to read
the data stored in the selected memory cell.
[0034] For example, the control logic circuit 150 may
determine a resistance value of at least a portion of the
memory cells included in the memory cell array 110.
[0035] In addition, the control logic circuit 150may read
data stored in a memory cell based on the determined
resistance value.
[0036] Theplurality ofmemory cellsMC1,MC2 toMCn
included in the memory cell array 110may have different
resistance values depending on the applied current or
voltage. In addition, the plurality of memory cells MC1,
MC2 to MCn may store different data depending on the
resistance value.
[0037] Accordingly, each of the plurality of memory
cells MC1 to MCn included in the memory cell array
110 according to example embodiments may be referred
to as a resistive memory cell. In addition, the semicon-
ductor memory device 100 according to example embo-
dimentsmaybe referred to as a resistivememory device.
[0038] Referring to FIG. 2, a semiconductor memory
device 100 (or a memory cell array 110) according to an

example embodiment may include a first memory cell
MC1 and a substrate 200.
[0039] The first memory cell MC1 may be connected
between a substrate 200 and a first bitline BL1. For
example, the first memory cell MC1 may be connected
between a first bitline BL1 and a first surface 201 of the
substrate 200.
[0040] According to an example embodiment, the first
memory cell MC1 includes a first variable resistor ele-
ment VR1 connected to the first bitline BL1.
[0041] The first variable resistor element VR1 may
include a plurality of layers L1, L2, and L3.
[0042] The first variable resistor element VR1 may be
connected to the first bitline BL1 through a first surface of
the first layer L1.
[0043] In addition, the first variable resistor element
VR1 may have different resistance values depending on
the current applied fromat least aportionof thefirst bitline
BL1, the first source line SL1, and the first wordlineWL1.
[0044] According to an example embodiment, the con-
trol logic circuit 150 determines the data stored in the first
variable resistor element VR1 based on the resistance
value of the first variable resistor element VR1.
[0045] For example, the control logic circuit 150 may
determine the data stored in the first variable resistor
element VR1 based on a resistance value formed by at
least a portion of the plurality of layers L1, L2, and L3.
[0046] For example, the control logic circuit 150 may
read the data " 1" when the first variable resistor element
VR1 has a high resistance value (or a resistance value
higher than a threshold) due to the current applied fromat
least a portion of the first bitline BL1, the first source line
SL1, and the first wordline WL1.
[0047] For example, the control logic circuit 150 may
read the data "0" when the first variable resistor element
VR1hasa low resistancevalue (or resistancevalue lower
than or equal to the threshold) due to the current applied
from at least a portion of the first bitline BL1, the first
source line SL1, and the first wordline WL1.
[0048] While this example describes how the control
logic circuit 150may determine the data stored in the first
variable resistor element VR1 based on the resistance
value of the first variable resistor element VR1, example
embodiments are not limited thereto.
[0049] In addition, the firstmemory cell MC1 according
to an example embodiment includes a first cell transistor
CT1 connected between the first variable resistor ele-
ment VR1 and the substrate 200.
[0050] For example, the first memory cell MC1 may
include a first cell transistor CT1 connected between the
first variable resistor element VR1 and the first surface
201 of the substrate 200.
[0051] Afirst source-drainelectrodeSD1of the first cell
transistor CT1 may be connected to the first variable
resistor element VR1. For example, the first source-drain
electrode SD1 of the first cell transistor CT1 may be
connected to the first variable resistor element VR1
through one surface of the second layer L2.
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[0052] For example, the first variable resistor element
VR1 may be connected between the first bitline BL1 and
the first source-drain electrode SD1 of the first cell tran-
sistor CT1. In addition, the first bitline BL1 may be con-
nected to the first source-drain electrode SD1 of the first
cell transistor CT1 through the first variable resistor ele-
ment VR1.
[0053] Asecondsource-drain electrodeSD2of the first
cell transistor CT1 may be connected to the first surface
201 of the substrate 200.
[0054] In addition, the semiconductor memory device
100 according to an example embodiment may include a
first source line SL1 disposed on a second surface 202
parallel to the first surface 201 of the substrate 200. For
example, the semiconductor memory device 100 may
include a first source line SL1 formed on the second
surface 202 of the substrate 200 with a first width W1.
[0055] The second source-drain electrode SD2 of the
first cell transistor CT1 may be connected to the first
source line SL1 formed on the second surface 202 of
the substrate 200.
[0056] In an embodiment, the second source-drain
electrode SD2 is connected to the first source line SL1
formed on the second surface 202 of the substrate 200
through a back contact (or a conductive via) formed
inwardly of the substrate 200 from the second surface
202.
[0057] In another embodiment, the second source-
drain electrode SD2 is connected to the first source line
SL1 formed on the second surface 202 of the substrate
200 through a back contact (or a conductive via) formed
to penetrate through at least a portion of the substrate
200 from the second surface 202.
[0058] Accordingly, the first source line SL1 formed on
the second surface 202 of the substrate 200 may be
connected to the second source-drain electrode SD2
of the first cell transistor CT1. In addition, the first source
line SL1 may be connected to the first variable resistor
element VR1 through the first cell transistor CT1.
[0059] In addition, the first gate electrodeG1 of the first
cell transistor CT1may be connected to the first wordline
WL1.
[0060] According to an example embodiment, the first
cell transistor CT1 may be controlled based on a voltage
applied through a first gate electrode G1 from the first
wordline WL1.
[0061] For example, the first cell transistor CT1maybe
turnedon or off based on the voltage applied from the first
wordline WL1.
[0062] For example, the first wordline WL1 may be
formed on the first surface 201. For example, the first
wordline WL1 may be formed at a predetermined dis-
tance from the first surface 201.
[0063] Referring to the above-described configura-
tions, a semiconductor memory device 100 according
to an example embodiment may include a first memory
cell MC1 and a first bitline BL1 disposed on the first
surface 201 of the substrate 200.

[0064] In addition, the semiconductor memory device
100 may include a first source line SL1 disposed on the
second surface 202, parallel to the first surface 201 of the
substrate 200, to be connected to the first cell transistor
CT1.
[0065] The first source line SL1 may have a relatively
large area (or width) compared to the case in which it is
formed on the first surface 201 together with the first
memory cell MC1, the first wordline WL1, and the first
bitline BL1.
[0066] Thus, the semiconductor memory device 100
according to an example embodiment may significantly
reduce a resistance value of the first source line SL1.
[0067] In addition, referring to the above-described
configurations, the first wordline WL1 and/or the first
bitline BL1 may have a relatively large area (or width)
compared to the case inwhich theyare formedon the first
surface 201 together with the first source line SL1.
[0068] Thus, the semiconductor memory device 100
according to an example embodiment may significantly
reducea resistance valueof the firstwordlineWL1and/or
the first bitline BL1.
[0069] To sum up, the semiconductor memory device
100 may reduce the resistance value of the metal lines
connected to the first memory cell MC1 through the first
source line SL1 disposed on the second surface 202.
[0070] Due to the above-described configurations, the
semiconductor memory device 100 may increase the
power efficiency of the operation of reading the data
stored in the first memory cell MC1.
[0071] For example, the semiconductor memory de-
vice 100 may reduce a read margin for the first memory
cell MC1.
[0072] In addition, referring to the above-described
configurations, the first memory cell MC1 may have a
relatively small area compared to the case in which the
first bitline BL1 and the first source line SL1 are formed
together on the first surface 201.
[0073] As a result, the semiconductor memory device
100 according to an example embodiment may signifi-
cantly reduce a size of the first memory cell MC1.
[0074] FIG. 3A is a diagram illustrating a first memory
cell including a first variable resistor element according to
an example embodiment, and FIG. 3B is a diagram
illustrating a first memory cell including a first variable
resistor element according to an example embodiment.
[0075] Referring to FIGS. 3A and 3B, a first memory
cell MC1a or MC1b according to an example embodi-
ment may include a first variable resistor element 310 or
320 having different resistance values depending on
current applied from at least one of a first bitline BL1, a
first source line SL1, and a first wordline WL1.
[0076] The firstmemory cellsMC1a andMC1b and the
first variable resistor elements 310 and 320 illustrated in
FIGS. 3Aand3Bmayeachbeunderstoodasanexample
of the first memory cell MC1 and the first variable resistor
element VR1 illustrated in FIG. 2.
[0077] Referring to FIG. 3A, the first variable resistor
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element 310may include a first magnetic layer 311 and a
second magnetic layer 312. In addition, the first variable
resistor element 310 may include a tunnel layer 313
disposed between the first magnetic layer 311 and the
second magnetic layer 312.
[0078] In an embodiment, a magnetization direction of
the second magnetic layer 312 is fixed. In addition, a
magnetization direction of the first magnetic layer 311
may be parallel to or antiparallel to the magnetization
direction of the secondmagnetic layer 312 depending on
the conditions.
[0079] Therefore, for example, the first magnetic layer
311 may be referred to a free layer, and the second
magnetic layer 312 may be referred to as a pinned layer.
[0080] During a read operation on the first memory cell
MC1, the control logic circuit 150 may apply a logic high
voltage to the first wordline WL1. The first cell transistor
CT1 may be turned on in response to the logic high
voltage applied to the first wordline WL1.
[0081] In addition, the control logic circuit 150 may
apply a read current to the first source line SL1 in a
direction of the first bitline BL1 to measure a resistance
value of the first variable resistor element 310. The con-
trol logic circuit 150may determine the data stored in the
first variable resistor element 310, based on the mea-
sured resistance value.
[0082] For example, when the magnetization direction
of the first magnetic layer 311 is parallel to the magne-
tization direction of the second magnetic layer 312, the
first variable resistor element 310 may have a low resis-
tance value. In an example embodiment, the control logic
circuit 150 may read data "0" from the first variable
resistor element 310 when the first variable resistor ele-
ment 310 has the low resistance value.
[0083] For example, when the magnetization direction
of the first magnetic layer 311 is antiparallel to the mag-
netization direction of the secondmagnetic layer 312, the
first variable resistor element 310 may have a high re-
sistance value. In an example embodiment, the control
logic circuit 150 may read data "1" from the first variable
resistor element 310 when the first variable resistor ele-
ment 310 has the high resistance value.
[0084] Accordingly, in an example embodiment, the
first variable resistor element 310 may be referred to
as amagnetic tunnel junction (MTJ) element. In addition,
the first memory cell MC1a may be referred to as an
MRAM memory cell.
[0085] While the first magnetic layer 311 and the sec-
ond magnetic layer 312 of the first variable resistor ele-
ment 310 are illustrated in FIG. 3 as horizontal magnetic
elements, but example embodiments are not limited
thereto. For example, the first magnetic layer 311 and
the second magnetic layer 312 may be implemented as
vertical magnetic elements.
[0086] Referring to FIG. 3B, the first variable resistor
element 320 may include a first metal layer 321 and a
second metal layer 322. In addition, the first variable
resistor element 320 may include an insulating layer

323 formed between the first metal layer 321 and the
second metal layer 322.
[0087] The control logic circuit 150mayapply a voltage
to the first bitline BL1. Thus, the control logic circuit 150
may generate a potential difference between the first
bitline BL1 and the first source line SL1.
[0088] A potential difference may be generated be-
tween the first metal layer 321 and the second metal
layer 322 by the potential difference between the first
bitline BL1 and the first source line SL1.
[0089] In addition, the first variable resistor element
320mayhavedifferent resistance values depending on a
magnetic field E formed in the insulating layer 323 by the
potential difference between the first metal layer 321 and
the second metal layer 322.
[0090] For example, when no conductive path is
formed in the insulating layer 323 by the potential differ-
ence between the first metal layer 321 and the second
metal layer 322, the first variable resistor element 320
may have a high resistance value. In an example embo-
diment, the control logic circuit 150 may read data "0"
from the first variable resistor element 320 when the first
variable resistor element 320 has the high resistance
value.
[0091] For example, when a conductive path is formed
in the insulating layer 323 by the potential difference
between the first metal layer 321 and the second metal
layer 322, the first variable resistor element 320 may
have a low resistance value. In an example embodiment,
thecontrol logic circuit 150may readdata "1" from thefirst
variable resistor element 320 when the first variable
resistor element 320 has the low resistance value.
[0092] Accordingly, in an example embodiment, the
first variable resistor element 320 may be referred to
as a metal-insulator-metal (MIM) element. In addition,
the first memory cell MC1b may be referred to as an
RRAM memory cell.
[0093] Referring to the above-described configura-
tions, the first memory cell MC1a or MC1b according
to an example embodiment may be referred to as an
MRAMmemory cell or an RRAMmemory cell including a
resistive element.
[0094] In addition, according to an example embodi-
ment, thefirst cell transistorCT1, thefirst variable resistor
element 310 or 320, the first wordline WL1, and the first
bitline BL1 may be disposed on a first surface 201 of the
substrate 200.
[0095] For example, at least a portion of the first cell
transistor CT1, the first variable resistor element 310 or
320, the first wordline WL1, and the first bitline BL1 may
be disposed adjacent to the first surface 201 of the
substrate 200.
[0096] In an embodiment, the first source line SL1 is
disposedon the second surface202of the substrate 200,
parallel to the first surface 201.
[0097] Accordingly, the first source line SL1 may have
a relatively large width (or area) compared to the case in
which it is formed togetherwith the firstmemory cellMC1,
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the first wordlineWL1, and the first bitline BL1 on the first
surface 201 of the substrate 200.
[0098] Thus, the semiconductor memory device 100
according to an example embodiment may reduce the
resistance value of the first source line SL1.
[0099] In addition, referring to the above-described
configurations, the first wordline WL1 and/or the first
bitline BL1 may have a relatively large width (or area)
compared to the case in which it is formed together with
the first source line SL1 on the first surface 201 of the
substrate 200.
[0100] Thus, the semiconductor memory device 100
according to an example embodiment may significantly
reduce the resistance value of the first wordline WL1
and/or the first bitline BL1.
[0101] Accordingly, due to the above-described con-
figurations, the semiconductor memory device 100 may
increase the power efficiency of the operation of reading
the data stored in the first memory cell MC1a or MC1b.
[0102] For example, the semiconductor memory de-
vice 100 may reduce a read margin for the first memory
cell MC1a or MC1b.
[0103] FIG. 4A is a plan view illustrating a first surface
of a substrate, on which a plurality of metal lines are
disposed, according to anexample embodiment. FIG. 4B
is a bottom view illustrating a second surface of the
substrate of FIG. 4A on which a first source line is dis-
posed. FIG. 4C is a cross-sectional view of the substrate
of FIGS. 4A and 4B, taken along line A-A’.
[0104] Referring toFIGS.4A to4C,amemorycell array
110A according to an example embodiment includes a
first memory cell MC1 and a second memory cell MC2
disposed adjacent to each other.
[0105] The memory cell array 110A and the first mem-
ory cell MC1 illustrated in FIGS. 4A to 4C may be under-
stood as examples of the memory cell array 110 and the
first memory cell MC1 illustrated in FIG. 2.
[0106] Therefore, the same or substantially the same
components are represented by the same reference
numerals, and redundant descriptions thereof will be
omitted.
[0107] Referring to FIG. 4A, a memory cell array 110A
according to an example embodiment includes a second
memory cell MC2 disposed adjacent to the first memory
cell MC1.
[0108] For example, the memory cell array 110A may
include a secondmemory cell MC2 disposed adjacent to
the first memory cell MC1 in a first direction (for example,
a positive X-direction).
[0109] According to an example embodiment, a first
bitline BL1, a second bitline BL2, a first wordline WL1,
and a second wordlineWL2 are formed on a first surface
201 of a substrate 200.
[0110] For example, each of the first wordlineWL1 and
the second wordline WL2 may be formed to extend in a
second direction (for example, a positive Y-direction),
perpendicular to the first direction (for example, the po-
sitive X-direction) on the first surface 201 of the substrate

200. For example, the first bitline BL1 may overlap the
first source-drain electrode SD1 and the first wordline
WL1; and the second bitline BL2may overlap the second
source-drain electrode SD2 and the second wordline
WL2.
[0111] For example, the first bitlineBL1and the second
bitline BL2 may be formed to extend in the first direction
(for example, the positive X-direction).
[0112] However, shapes and arrangement of the first
bitlineBL1, the secondbitlineBL2, the firstwordlineWL1,
and the secondwordlineWL2are not limited to the above
examples.
[0113] In addition, the first source-drain electrode SD1
to the third source-drain electrode SD3 may be formed
through at least a portion of the surface and interior of the
substrate 200. For example, the first source-drain elec-
trodeSD1 to the third source-drain electrodeSD3maybe
formed to extend inwardly of the substrate 200 from the
first surface 201 of the substrate 200. For example, the
first source-drain electrode SD1 to the third source-drain
electrode SD3 may be located inside the substrate 200
and contact the first surface 201.
[0114] Referring to FIG. 4B, a first source line SL1
according to an example embodiment is disposed on a
second surface 202 of the substrate 200. For example,
the second surface202mayoppose the first surface201.
[0115] For example, the first source line SL1 may be
formed on the second surface 202 of the substrate 200 to
have a first width W1 and extend in a first direction (for
example, a positive X-direction). The first width W1 may
be arranged in a second direction (for example, a Y-
direction).
[0116] In an embodiment, the first source line SL1 is
formed to penetrate through a region corresponding to
each of a first memory cell MC1 and a second memory
cell MC2 on the second surface 202 of the substrate 200.
[0117] Referring to FIGS. 4A and 4B, the first source
line SL1 according to an example embodiment is formed
to overlap at least a portion of a first bitline BL1 and a
second bitlineBL2when viewed froma third direction (for
example, a positive Z-direction), perpendicular to the first
direction (for example, the positive X-direction and a
second direction (for example, a positive Y-direction).
[0118] Referring to FIG. 4C, a first memory cell MC1
according to an example embodiment includes a first
variable resistor element VR1 connected to the first bit-
line BL1. The variable resistor element VR1 may be a
variable resistor or a potentiometer.
[0119] The memory cell array 110A may include a first
front contact FC1 disposed on a first surface 201 of the
substrate 200. The first front contact FC1 may be a
conductor or include a conductive material. In addition,
the memory cell array 110A may include a first metal line
ML1 stacked on the first front contact FC1.
[0120] According to an example embodiment, the first
variable resistor element VR1 is disposed on a first metal
line ML1. Therefore, the first variable resistor element
VR1may be connected to the first source-drain electrode
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SD1 through the first metal line ML1 and the first front
contact FC1.
[0121] Referring to FIG. 4C, a first memory cell MC1
according to an example embodiment includes a first
variable resistor element VR1 connected to the first bit-
line BL1.
[0122] The memory cell array 110A may include a first
front contact FC1 disposed on a first surface 201 of the
substrate 200. In addition, the memory cell array 110A
may includeafirstmetal lineML1stackedon thefirst front
contact FC1.
[0123] According to an example embodiment, the first
variable resistor element VR1 is disposed on a first metal
line ML1. Therefore, the first variable resistor element
VR1may be connected to the first source-drain electrode
SD1 through the first metal line ML1 and the first front
contact FC1.
[0124] According to an example embodiment, at least
a portion of the first metal line ML1 and the first front
contact FC1 are omitted. Therefore, the first variable
resistor element VR1 may be connected to the first
source-drain electrode SD1 through at least a portion
of the first metal line ML1 and the first front contact FC1.
[0125] In addition, the first bitline BL1 may be con-
nected to the first source-drain electrode SD1 through
the first variable resistor element VR1, the first metal line
ML1, and the first front contact FC1.
[0126] For example, the first variable resistor element
VR1 may be connected between the first bitline BL1 and
the first source-drain electrode SD1.
[0127] Referring to FIGS. 2 and 4C, the first source-
drain electrode SD1, the first gate electrode G1, and the
second source-drain electrodeSD2may constitute a first
cell transistor CT1.
[0128] Afirst gateelectrodeG1of thefirst cell transistor
CT1maybeconnected to thefirstwordlineWL1disposed
on the first surface 201 of the substrate 200.
[0129] In addition, the second source-drain electrode
SD2 of the first cell transistor CT1 may be connected to
the first source line SL1 disposed on the second surface
202 of the substrate 200.
[0130] In an embodiment, the second source-drain
electrode SD2 of the first cell transistor CT1 is connected
to the first source line SL1 through a first back contact
BC1penetrating through at least a portion of an interior of
the substrate 200 via the second surface 202 of the
substrate 200. The first back contact BC1 may be con-
ductor or include a conductive material.
[0131] In addition, a second memory cell MC2 accord-
ing to an example embodiment includes a second vari-
able resistor element VR2 connected to the second bit-
line BL2. For example, the second variable resistor ele-
ment VR2 may be a variable resistor or a potentiometer.
[0132] The memory cell array 110A may include a
second front contact FC2 disposed on the first surface
201 of the substrate 200. In addition, the memory cell
array 110Amay include a secondmetal lineML2 stacked
on the second front contact FC2. The second front con-

tact FC2 may be conductor or include a conductive
material.
[0133] According to an example embodiment, the sec-
ond variable resistor VR2 is disposed on the second
metal line ML2. Accordingly, the second variable resistor
VR2 may be connected to a third source-drain electrode
SD3 through the second metal line ML2 and the second
front contact FC2.
[0134] However, according to an example embodi-
ment, at least a portion of the second metal line MI,2
and the second front contact FC2 is omitted. Therefore,
the second variable resistor VR2 may be connected to
the third source-drain electrode SD3 through at least a
portion of the secondmetal lineML2and the second front
contact FC2.
[0135] ThesecondbitlineBL2maybeconnected to the
third source-drain electrode SD3 through the second
variable resistor VR2, the second metal line ML2, and
the second front contact FC2.
[0136] For example, the second variable resistor VR1
may be connected between the second bitline BL2 and
the third source-drain electrode SD3.
[0137] Referring to FIG. 1 and FIG. 4C, the second
source-drain electrode SD2, the second gate electrode
G2, and the third source-drain electrode SD3 may con-
stitute the second cell transistor CT2.
[0138] Accordingly, the second gate electrode G2 of
the second cell transistor CT2 may be connected to the
secondwordlineWL2disposed on the first surface 201 of
the substrate 200.
[0139] In addition, the second source-drain electrode
SD2 of the second cell transistor CT2may be connected
to the first source line SL1 disposed on the second sur-
face 202 of the substrate 200.
[0140] For example, the second source-drain elec-
trode SD2 of the second cell transistor CT2 may be
connected to the first source line SL1 through a first back
contact BC1.
[0141] Referring to the above configurations, the first
cell transistor CT1 and the second cell transistor CT2
according to an embodiment share the second source-
drain electrode SD2. Additionally, the first memory cell
MC1and thesecondmemorycellMC2mayshare thefirst
source line SL1.
[0142] Accordingly, a semiconductor memory device
100 according to an example embodiment may include a
memory cell array 110A having a relatively small area
compared to the case in which a source line for each of
the first memory cell MC1 and the second memory cell
MC2 is additionally provided. For example, since the first
memory cell MC1 and the second memory cell MC2
share the first source line SL1, only one source line is
needed instead of two source lines to support two mem-
ory cells.
[0143] In addition, the semiconductor memory device
100 may include a memory cell array 110A having a
relatively small area compared to the case in which the
first bitline BL1, the second bitline BL2, the first wordline
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WL1, the second wordline WL2, and the first source line
SL1 are disposed together on the first surface 201.
[0144] Each of the first bitline BL1, the second bitline
BL2, the first wordline WL1, the second wordline WL2,
and the first source line SL1 may have a relatively large
area compared to the case in which they are disposed
together on the first surface 201.
[0145] At least a portion of the first front contact FC1,
the second front contact FC2, and the first back contact
BC1 may have a relatively large area compared to the
case in which the first bitline BL1, the second bitline BL2,
the first wordlineWL1, the secondwordlineWL2, and the
first source line SL1 are disposed together on the first
surface 201.
[0146] Thus, the semiconductor memory device 100
may reduce a resistance value of at least a portion of the
components included in each memory cell (for example,
MC1 or MC2). For example, a resistance value of the
semiconductor memory device 100 may be a first value
when it includes the memory cell arrays according to
embodiments of the inventive concept described herein,
but a second value higher than the first value when it
includes previous memory cell arrays.
[0147] As a result, the semiconductor memory device
100 may increase the power efficiency of an operation of
readingdata fromeachmemorycell (for example,MC1or
MC2) of the memory cell array 110A.
[0148] FIG. 5A is a plan view illustrating a first surface
of a substrate, on which a plurality of metal lines are
disposed, according to anexample embodiment, FIG. 5B
is a bottom view illustrating a second surface of the
substrate of FIG. 5A on which a first source line is dis-
posed, and FIG. 5C is a cross-sectional view of the
substrate of FIGS. 5A and 5B, taken along line B-B’.
[0149] Referring to FIG. 5A to FIG. 5C, a memory cell
array 110B according to an example embodiment in-
cludes a second source line SL2 disposed on a first
surface 201 and a first source line SL1 disposed on a
second surface 202.
[0150] The memory cell array 110B and the first mem-
ory cell MC1 illustrated in FIG. 5A to FIG. 5C may be
understood as examples of the memory cell array 110
and the first memory cell MC1 illustrated in FIG. 2.
Additionally, the second memory cell MC2 illustrated in
FIG.5A toFIG.5Cmaybeunderstoodasexamplesof the
secondmemorycellMC2 illustrated inFIG.4A toFIG.4C.
[0151] Therefore, the same or substantially the same
components are represented by the same reference
numerals, and redundant descriptions thereof will be
omitted.
[0152] According to an example embodiment, the
memory cell array 110B includes a second memory cell
MC2 disposed adjacent to the first memory cell MC1. For
example, the memory cell array 110B may include a
second memory cell MC2 disposed adjacent to the first
memory cell MC1 in a first direction (for example, a
positive X-direction).
[0153] According to an example embodiment, a first

bitline BL1, a second bitline BL2, a first wordline WL1, a
second wordlineWL2, and a second source line SL2 are
formed on a first surface 201 of a substrate 200.
[0154] In an embodiment, the second source line SL2
is formed on the first surface 201. The second source line
SL2 may extend in the first direction (for example, the
positive X-direction). In an embodiment, the second
source line SL2 has a second width W2 in the second
direction and the secondwidthW2 is smaller than the first
width W1.
[0155] In addition, a first source-drain electrodeSD1 to
a third source-drain electrode SD3 may be formed
through at least a portion of the surface and an interior
of the substrate 200. For example, the first source-drain
electrode SD1 to the third source-drain electrode SD3
may be formed to extend inwardly of the substrate 200
from the first surface 201. For example, the first source-
drain electrode SD1 to the third source-drain electrode
SD3 may extend into an interior of the substrate 200.
[0156] Referring to FIG. 5B, the first source line SL1
according to an example embodiment is disposed on the
second surface 202 of the substrate 200.
[0157] For example, the first source line SL1 may be
formed on the second surface 202 of the substrate 200,
and may extend in the first direction (for example, the
positive X-direction) with a first width W1.
[0158] Referring to FIG. 5A and FIG. 5B, the second
source line SL2 according to an example embodiment is
formed to have a second width W2 smaller than the first
width W1 of the first source line SL1. The widths W1 and
W2 may be in the first direction (e.g., the Y-direction).
[0159] Referring to FIG. 5C, the first memory cell MC1
according to an example embodiment includes a first
variable resistor VR1 connected to the first bitline BL1.
[0160] According to an example embodiment, the first
variable resistor VR1 is connected to the first source-
drain electrode SD1 through the first metal line ML1 and
the first front contact FC1. In addition, the first bitline BL1
may be connected to the first source-drain electrodeSD1
through the first variable resistor VR1, the first metal line
ML1, and the first front contact FC1.
[0161] The second memory cell MC2 according to an
exampleembodiment includesasecondvariable resistor
VR2 connected to the second bitline BL2.
[0162] According to an example embodiment, the sec-
ond variable resistor VR2 is connected to the third
source-drain electrode SD3 through the second metal
line MI,2 and the second front contact FC2. In addition,
the second bitline BL2 may be connected to the third
source-drain electrode SD3 through the second variable
resistor VR2, the secondmetal lineML2, and the second
front contact FC2.
[0163] In an embodiment, the memory cell array 110B
includes a connecting member CM formed to penetrate
through the substrate 200. For example, thememory cell
array 110B may include a connecting member CM
formed to penetrate through the substrate 200 from the
second surface 202. In an embodiment, the connecting
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member CM is a conductor or includes a conductive
material.
[0164] The connectingmemberCMmay be connected
to the first source line SL1 through the second surface
202. In addition, the connecting member CM may be
connected to a third front contact FC3 disposed on the
first surface 201 through the first surface 201.
[0165] The second source line SL2 may be disposed
on the third front contact FC3.
[0166] Accordingly, the first source line SL1 and the
second source line SL2 may be connected to each other
through the connecting member CM and the third front
contact FC3 penetrating through the substrate 200. In an
embodiment, the connecting member CM is a conductor
or a conductive element.
[0167] For example, the connecting member CM may
be referred to as small power tap cell (sPTC), but ex-
ample embodiments are not limited thereto.
[0168] Referring toFIG. 2 andFIG. 5C, the first source-
drain electrode SD1, the first gate electrode G1, and the
second source-drain electrodeSD2may constitute a first
cell transistor CT1.
[0169] Afirst gateelectrodeG1of thefirst cell transistor
CT1maybeconnected to thefirstwordlineWL1disposed
on the first surface 201 of the substrate 200.
[0170] Referring to FIG. 1 and FIG. 5C, the second
source-drain electrode SD2, the second gate electrode
G2, and the third source-drain electrode SD3 may con-
stitute a second cell transistor CT2.
[0171] ThesecondgateelectrodeG2of thesecondcell
transistor CT2may be connected to the second wordline
WL2 disposed on the first surface 201 of the substrate
200.
[0172] According to an example embodiment, the sec-
ond source-drain electrode SD2 is connected to the first
source line SL1 and the second source line SL2.
[0173] For example, the second source-drain elec-
trode SD2 may be connected to the first source line
SL1 and the second source line SL2 through the con-
necting member CM.
[0174] For example, the second source-drain elec-
trode SD2 may be connected to the first source line
SL1 disposed on the second surface 202 of the substrate
200 through at least a portion of the connecting member
CM. In addition, the second source-drain electrode SD2
may be connected to the second source line SL2 dis-
posed on the first surface 201 of the substrate 200
through at least a portion of the connecting member CM.
[0175] Referring to the above-mentioned configura-
tions, the first cell transistor CT1 and the second cell
transistor CT2 according to an example embodiment
may share the second source-drain electrode SD2. In
addition, the first memory cell MC1 and the second
memory cell MC2 may share the first source lines SL1
and second source lines SL2 connected to each other.
[0176] Accordingly, the semiconductormemory device
100 according to an example embodiment may include a
memory cell array 110B having a relatively small area

compared to thecase inwhich source lines for eachof the
first memory cell MC1 and the second memory cell MC2
are additionally included.
[0177] In addition, the semiconductor memory device
100 may increase an area of the source lines connected
to the first memory cell MC1 and the secondmemory cell
MC2 through the source lines SL1 and SL2, respectively
disposed on the first surface 201and second surface 202
to each other.
[0178] Thus, the semiconductor memory device 100
may reduce the resistance values of the source lines SL1
and SL2 connected to each memory cell (for example,
MC1 or MC2) of the memory cell array 110B.
[0179] As a result, the semiconductor memory device
100 according to an example embodiment may increase
the power efficiency of an operation of reading data from
each memory cell (for example, MC1 or MC2) of the
memory cell array 110B.
[0180] In addition, the semiconductor memory device
100 may enhance the accuracy of the operation of read-
ing data from each memory cell (for example, MC1 or
MC2) of the memory cell array 110B.
[0181] FIG. 6A is a plan view illustrating a first surface
of a substrate, on which a plurality of metal lines are
disposed, according to anexample embodiment, FIG. 6B
is a bottom view illustrating a second surface of the
substrate of FIG. 6A on which a first additional wordline
and a second additional wordline are disposed, and FIG.
6C is a cross-sectional view of the substrate of FIGS. 6A
and 6B, taken along line C-C’.
[0182] Referring to FIG. 6A to FIG. 6C, a memory cell
array 110C according to an example embodiment in-
cludes a first additional wordline AWL1 and a second
additional wordline AWL2 formed on a second surface
202 of a substrate 200.
[0183] The memory cell array 110C and the first mem-
ory cell MC1 illustrated in FIGS. 6A to FIG. 6C may be
understood as examples of the memory cell array 110
and the first memory cell MC1 illustrated in FIG. 2. In
addition, the second memory cell MC2 illustrated in FIG.
6A to FIG. 6C may be understood as an example of the
secondmemorycellMC2 illustrated inFIG.4A toFIG.4C.
[0184] Therefore, the same or substantially the same
components are represented by the same reference
numerals, and redundant descriptions thereof will be
omitted.
[0185] According to an example embodiment, the
memory cell array 110C includes the second memory
cell MC2 disposed adjacent to the first memory cell MC1.
[0186] A first bitline BL1, a second bitline BL2, a first
wordlineWL1, a secondwordlineWL2, and a first source
line SL1 may be formed on a first surface 201 of the
substrate 200.
[0187] For example, each of the first wordlineWL1 and
the second wordline WL2 may be formed to extend in a
first direction (for example, a positive X-direction) per-
pendicular to a second direction (for example, a positive
Y-direction), on the first surface 201 of the substrate 200.
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[0188] In addition, for example, the first source lineSL1
may be formed to extend in the first direction (for exam-
ple, the positive X-direction) on the first surface 201.
[0189] In addition, the first source-drain electrode SD1
to the third source-drain electrode SD3may be formed to
extend inwardly of the substrate 200 from the first surface
201 of the substrate 200. For example, the first source-
drain electrode SD1 to the third source-drain electrode
SD3 may extend inside the substrate 200.
[0190] Referring to FIG. 6B, the first additional wor-
dlines AWL1 and the second additional wordlines AWL2
according to an example embodiment are disposed on
the second surface 202 of the substrate 200.
[0191] For example, each of the first additional wor-
dlines AWL1 and the second additional wordlines AWL2
may be formed to extend in a second direction (for ex-
ample, a positive Y-direction) on the second surface 202
of the substrate 200. The first additional wordlines AWL1
and the second additional wordlines AWL2 may be
spaced from one another in the first direction (e.g., an
X-direction).
[0192] However, the arrangement of the first additional
wordlines AWL1 and the second additional wordlines
AWL2 is not limited to the above-described example.
[0193] Referring to FIG. 6C, the first memory cell MC1
according to an example embodiment includes a first
variable resistor element VR1 connected to the first bit-
line BL1.
[0194] According to an example embodiment, the first
variable resistor element VR1 is connected to the first
source-drain electrodeSD1 througha firstmetal lineML1
and a first front contact FC1. In addition, the first bitline
BL1may be connected to the first source-drain electrode
SD1 through the first variable resistor element VR1, the
first metal line ML1, and the first front contact FC1.
[0195] For example, the first variable resistor element
VR1 may be connected between the first bitline BL1 and
the first source-drain electrode SD1.
[0196] In addition, the second memory cell MC2 ac-
cording to an example embodiment includes a second
variable resistor element VR2 connected to the second
bitline BL2.
[0197] According to an example embodiment, the sec-
ond variable resistor element VR2 is connected to the
third source-drain electrode SD3 through the second
metal line MI,2 and the second front contact FC2. In
addition, the second bitline BL2 may be connected to
the third source-drain electrode SD3 through the second
variable resistor element VR2, the second metal line
ML2, and the second front contact FC2.
[0198] For example, the second variable resistor ele-
ment VR2may be connected between the second bitline
BL2 and the third source-drain electrode SD3.
[0199] Referring toFIG. 2 andFIG. 6C, the first source-
drain electrode SD1, the first gate electrode G1, and the
second source-drain electrode SD2 may constitute the
first cell transistor CT1.
[0200] According to an example embodiment, a first

gate electrode G1 of the first cell transistor CT1 is con-
nected to the first wordline WL1 and the first additional
wordline AWL1.
[0201] For example, the first gate electrodeG1may be
connected to the first wordline WL1 disposed on the first
surface 201 of the substrate 200.
[0202] In addition, the first gate electrode G1 may be
connected to the first additional wordline AWL1 disposed
on the second surface 202 of the substrate 200.
[0203] In an embodiment, the first additional wordline
AWL1 is connected to the first gate electrodeG1 through
a second back contact BC2 formed to extend inwardly of
the substrate 200 through the second surface 202 of the
substrate 200. For example, the second back contact
BC2 may extend inside the substrate 200. The second
back contact BC2 may be a conductor or include a con-
ductive material.
[0204] In addition, the first source line SL1 may be
connected to the second source-drain electrode SD2
through a third front contact FC3 formed on the first
surface 201.
[0205] Referring to FIG. 1 and FIG. 6C, the second
source-drain electrode SD2, the second gate electrode
G2, and the third source-drain electrode SD3 may con-
stitute a second cell transistor CT2.
[0206] According to an example embodiment, a sec-
ond gate electrodeG2of the second cell transistor CT2 is
connected to the second wordline WL2 and the second
additional wordline AWL2.
[0207] For example, the second gate electrode G2
may be connected to the second wordlineWL2 disposed
on the first surface 201 of the substrate 200.
[0208] In addition, the second gate electrode G2 may
be connected to the second additional wordline AWL2
disposedon the second surface202of the substrate 200.
[0209] In an embodiment, the second additional word-
line AWL2 is connected to the second gate electrode G2
through a third back contact BC3 formed to extend in-
wardly of the substrate 200 through the second surface
202 of the substrate 200. For example, the third back
contact BC3 may extend inside the substrate 200. The
third back contact BC3 may be a conductor or include a
conductive material.
[0210] Referring to the above-described configura-
tions, each of the first memory cell MC1 and the second
memory cell MC2 according to an example embodiment
may be connected to a wordline having a large area.
[0211] For example, the first memory cell MC1may be
connected to the wordlines WL1 and AWL1 having a
relatively large area, compared to the case in which it
is connected to only the first wordline WL1 disposed on
the first surface 201.
[0212] In addition, for example, the second memory
cell MC2 may be connected to the wordlines WL2 and
AWL2, each having a large area, compared to the case in
which it is connected to only the second wordline WL2
disposed on the first surface 201.
[0213] For example, the semiconductor memory de-
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vice 100may increase an area of the wordline connected
to each memory cell (for example, MC1 or MC2) through
the additional wordlines AWL1 and AWL2 disposed on
the second surface 202.
[0214] Thus, the semiconductor memory device 100
according to an example embodiment may reduce resis-
tance values of the wordlines WL1, WL2, AWL1, and
AWL2 connected to eachmemory cell (for example,MC1
or MC2) of the memory cell array 110C.
[0215] As a result, the semiconductor memory device
100 may increase power efficiency of an operation of
readingdata fromeachmemorycell (for example,MC1or
MC2) of the memory cell array 110C.
[0216] In addition, the semiconductor memory device
100 may enhance the accuracy of the operation of read-
ing data from each memory cell (for example, MC1 or
MC2) of the memory cell array 110C.
[0217] FIG. 7A is a plan view illustrating a first surface
of a substrate, on which a plurality of metal lines are
disposed, according to anexample embodiment, FIG. 7B
is a bottom view illustrating a second surface of the
substrate of FIG. 7A on which a first additional wordline
andasecondadditionalwordlinearedisposed,FIG.7C is
a cross-sectional view of the substrate of FIGS. 7A and
7B, taken along line D-D’, and FIG. 7D is a cross-sec-
tional view of the substrate in FIGS. 7A and 7B, taken
along line E-E’.
[0218] Referring to FIG. 7A to FIG. 7C, a memory cell
array 110D according to an example embodiment may
include a first additional wordline AWL1 and a second
additional wordline AWL2 formed on a second surface
202 of a substrate 200.
[0219] At least a portion of the memory cell array 110D
illustrated in FIG. 7A to FIG. 7Cmay be understood as an
example of the components of the memory cell array
110C illustrated in FIG. 6A to FIG. 6C.
[0220] Therefore, the same or substantially the same
components are represented by the same reference
numerals, and redundant descriptions thereof will be
omitted.
[0221] Referring toFIG. 7A, a first bitlineBL1, a second
bitline BL2, a first wordlineWL1, a secondwordlineWL2,
and a first source line SL1 may be disposed on a first
surface 201 of a substrate 200. In addition, amemory cell
array 110D according to an example embodiment in-
cludes a first metal member MM1 and a second metal
member MM2 disposed on the first surface 201 of the
substrate 200.
[0222] In addition, a first source-drain electrodeSD1 to
a fifth source-drain electrode SD5 may be formed
through at least a portion of the surface and an interior
of the substrate 200. For example, the first source-drain
electrode SD1 to the fifth source-drain electrode SD5
may be formed to extend inwardly of the substrate 200
from the first surface 201 of the substrate 200. For ex-
ample, the first source-drain electrode SD1 to the fifth
source-drain electrode SD5 may extend inside the sub-
strate 200.

[0223] The first source-drain electrode SD1 to the third
source-drain electrode SD3 may be understood to have
substantially the same configuration as the first source-
drain electrode SD1 to the third source-drain electrode
SD3 illustrated in FIG. 4A.
[0224] Referring toFIG.7B, thefirst additionalwordline
AWL1 and the second additional wordline AWL2 accord-
ing to an example embodiment may be disposed on a
second surface 202 of the substrate 200.
[0225] Referring to FIG. 7C, the memory cell array
110D may include a first connecting member CM1 and
a second connecting member CM2, each penetrating
through the substrate 200.
[0226] The first connecting member CM1 may be
formed to penetrate through a region corresponding to
a fourth source-drain electrode SD4 in the substrate 200.
In addition, the second connectingmember CM2may be
formed to penetrate through a region corresponding to a
fifth source-drain electrode SD5 in the substrate 200.
[0227] In addition, the memory cell array 110D may
include a first metal member MM1 and a second metal
member MM2, respectively connected to the first con-
necting member CM1 and the second connecting mem-
ber CM2, on the first surface 201.
[0228] For example, the memory cell array 110D may
include the firstmetalmemberMM1connected to the first
connecting member CM1 and the first wordline WL1 on
the first surface 201.
[0229] In addition, the memory cell array 110D may
include the secondmetal memberMM2 connected to the
second connecting member CM2 and the second word-
line WL2 on the first surface 201.
[0230] The first wordlineWL1may be connected to the
first additional wordline AWL1 through the first metal
member MM1 and the first connecting member CM1.
[0231] The secondwordlineWL2may be connected to
the secondadditionalwordlineAWL2 through the second
metal memberMM2 and the second connectingmember
CM2.
[0232] For example, each of the first connecting mem-
ber CM1 and the second connecting member CM2 may
be referred to as a small power tap cell (sPTC), but
example embodiments are not limited thereto. The con-
necting members CM1 and CM2 may be conductors or
include a conductive material.
[0233] The first source line SL1 may be connected to
the second source-drain electrode SD2 through the third
front contact FC3 formed on the first surface 201 of the
substrate 200.
[0234] Referring to FIG. 7D, the first memory cell MC1
according to an example embodiment includes a first
variable resistor VR1 connected to the first bitline BL1.
[0235] According to an example embodiment, the first
variable resistor VR1 is connected to the first source-
drain electrode SD1 through the first metal line ML1 and
the first front contact FC1. In addition, the first bitline BL1
may be connected to the first source-drain electrodeSD1
through the first variable resistor VR1, the first metal line
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ML1, and the first front contact FC1.
[0236] The second memory cell MC2 according to an
exampleembodiment includesasecondvariable resistor
VR2 connected to the second bitline BL2.
[0237] According to an example embodiment, the sec-
ond variable resistor VR2 is connected to the third
source-drain electrode SD3 through the second metal
line MI,2 and the second front contact FC2. In addition,
the second bitline BL2 may be connected to the third
source-drain electrode SD3 through the second variable
resistor VR2, the secondmetal lineML2, and the second
front contact FC2.
[0238] Referring to FIG. 2, FIG. 7C, and FIG. 7D, the
first source-drain electrode SD1, the first gate electrode
G1, and the second source-drain electrode SD2 may
constitute a first cell transistor CT1.
[0239] Afirst gateelectrodeG1of thefirst cell transistor
CT1 may be connected to the first wordline WL1 and the
first additional wordline AWL1.
[0240] For example, the first gate electrodeG1may be
connected to the first wordline WL1 disposed on the first
surface 201.
[0241] In addition, the first gate electrode G1 may be
connected to the first additional wordline AWL1 disposed
on the second surface 202.
[0242] For example, the first gate electrodeG1may be
connected to the first additional wordline AWL1 through
the first wordlineWL1, the first connectingmember CM1,
and the first metal member MM1.
[0243] Referring to FIG. 1, FIG. 7C, and FIG. 7D, the
second source-drain electrode SD2, the second gate
electrode G2, and the third source-drain electrode SD3
may constitute a second cell transistor CT2.
[0244] ThesecondgateelectrodeG2of thesecondcell
transistor CT2may be connected to the second wordline
WL2 and the second additional wordline AWL2.
[0245] For example, the second gate electrode G2
may be connected to the second wordlineWL2 disposed
on the first surface 201 of the substrate 200.
[0246] For example, the second gate electrode G2
may be connected to the second additional wordline
AWL2 through the second wordline WL2, the second
connectingmemberCM2, and the secondmetalmember
MM2.
[0247] Referring to the above-described configura-
tions, each of the first memory cell MC1 and the second
memory cell MC2 according to an example embodiment
may be connected to wordlines having a large area.
[0248] For example, the first memory cell MC1may be
connected to the wordlines WL1 and AWL1 having a
relatively large area compared to the case in which it is
connected to only the first wordlineWL1 disposed on the
first surface 201.
[0249] For example, the secondmemory cellMC2may
be connected to wordlines having a relatively wide area
compared to the case where it is only connected to the
second wordline WL2 disposed on the first surface 201.
[0250] For example, the semiconductor memory de-

vice 100may increase anareaof awordline connected to
each memory cell (for example, MC1 or MC2) through
additional wordlines AWL1 and AWL2 disposed on the
second surface 202.
[0251] The additional wordlines AWL1 and AWL2may
beconnected to thewordlinesWL1andWL2disposedon
the first surface 201 through the connecting members
CM1 andCM2 formed to penetrate through the substrate
200, respectively.
[0252] Thus, the semiconductor memory device 100
according to an example embodiment may reduce resis-
tance values of the wordlines WL1, WL2, AWL1, and
AWL2 connected to eachmemory cell (for example,MC1
or MC2) of the memory cell array 110D.
[0253] As a result, the semiconductor memory device
100 may increase the power efficiency of an operation of
readingdata fromeachmemorycell (for example,MC1or
MC2) of the memory cell array 110D.
[0254] In addition, the semiconductor memory device
100 may enhance the accuracy of the operation of read-
ing data from each memory cell (for example, MC1 or
MC2) of the memory cell array 110D.
[0255] FIG. 8A is a plan view illustrating a first surface
of a substrate, on which a plurality of metal lines are
disposed, according to anexample embodiment, FIG. 8B
is a bottom view illustrating a second surface of the
substrate of FIG. 8A on which a first additional wordline
and a first source line are disposed, and FIG. 8C is a
cross-sectional view of the substrate of FIGS. 8A and 8B,
taken along line F-F’.
[0256] Referring to FIG. 8A to FIG. 8C, a memory cell
array 110E according to an example embodiment in-
cludes a first source line SL1 and a first additional word-
line AWL1 disposed on a second surface 202 of a sub-
strate 200.
[0257] The memory cell array 110E illustrated in FIG.
8A to FIG. 8C may be understood as an example of the
memory cell array 110 illustrated in FIG. 1.
[0258] Referring toFIG. 8A, a first bitlineBL1, a second
bitline BL2, a first wordline WL1, and a second wordline
WL2maybe formedonafirst surface201of the substrate
200.
[0259] A first source-drain electrode SD1 to a third
source-drain electrode SD3 may be formed to extend
inwardly of the substrate 200 from the first surface 201 of
the substrate 200. For example, the first source-drain
electrode SD1 to a third source-drain electrode SD3may
be formed inside the substrate 200.
[0260] Referring to FIG. 8B, a first additional wordline
AWL1andafirst source lineSL1according toanexample
embodimentmaybedisposedon the secondsurface202
of the substrate 200.
[0261] For example, the first additional wordline AWL1
may be formed to extend in a second direction (for ex-
ample, a positive Y-direction), perpendicular to a first
direction (for example, a positive X-direction), on the
second surface 202.
[0262] For example, the first source line SL1 may be
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formed to extend in the first direction (for example, the
positive X-direction) on the second surface 202. The first
source line SL1 may be formed to have a first width W1.
The first width W1 may be in the second direction.
[0263] According to an example embodiment, the first
source line SL1 is formed to overlap at least a portion of
the first bitline BL1 and the second bitline BL2 when
viewed from a third direction (a positive Z-direction),
perpendicular to the first direction (the positive X-direc-
tion) and the second direction (the positive Y-direction).
[0264] Referring to FIG. 8C, a memory cell array 110E
may include a first back contact BC1 and a second back
contact BC2, each formed to extend inwardly of the
substrate200 from thesecondsurface202.For example,
the first back contact BC1 and a second back contact
BC2 may extend inside the substrate 200. The first back
contact BC1 and the second back contact BC2may be a
conductor or include a conductive material.
[0265] For example, the memory cell array 110E may
include a first back contact BC1 formed to extend in-
wardly of the substate 200 from the second surface 202.
[0266] In addition, the memory cell array 110E may
include a first additional back contact BC1’ connected to
the first back contact BC1 on the second surface 202 to
be disposed on the second surface 202. The first addi-
tional back contact BC1’ may be a conductor or include a
conductive material.
[0267] In addition, the memory cell array 110E may
include a second back contact BC2 formed to extend
inwardly of the substrate 200.
[0268] Referring toFIG. 2 andFIG. 8C, the first source-
drain electrode SD1, the first gate electrode G1, and the
second source-drain electrodeSD2may constitute a first
cell transistor CT1.
[0269] Afirst gateelectrodeG1of thefirst cell transistor
CT1 may be connected to the first wordline WL1 and the
first additional wordline AWL1.
[0270] For example, the first gate electrodeG1may be
connected to the first wordline WL1 disposed on the first
surface 201 of the substrate 200.
[0271] In addition, the first gate electrode G1 may be
connected to the first additional wordline AWL1 disposed
on the second surface 202 of the substrate 200. The first
additional wordline AWL1 may be connected to the first
gate electrode G1 through a second back contact BC2.
[0272] Referring to FIG. 1 and FIG. 8C, the second
source-drain electrode SD2, the second gate electrode
G2, and the third source-drain electrode SD3 may con-
stitute a second cell transistor CT2.
[0273] Thesecondsource-drainelectrodeSD2maybe
connected to the first source line SL1 through the first
back contact BC1 and the first additional back contact
BC1’.
[0274] Referring to the above-described configura-
tions, the first memory cell MC1 according to an example
embodiment may be connected to wordlines having a
large area.
[0275] For example, the first memory cell MC1may be

connected to wordlines WL1 and AWL1 having a rela-
tively large area compared to the case in which it is
connected to only the first wordline WL1 disposed on
the first surface 201.
[0276] For example, the semiconductor memory de-
vice 100may increase anareaof awordline connected to
the first memory cell MC1 through the first additional
wordline AWL1 disposed on the second surface 202.
[0277] Thus, the semiconductor memory device 100
according to an example embodiment may reduce resis-
tance values of the wordlinesWL1 and AWL1 connected
to each memory cell (for example, MC1) of the memory
cell array 110E.
[0278] In addition, referring to the above-described
configurations, the first source line SL1 according to an
example embodiment may have a relatively large width
(or area) compared to the case in which the first memory
cell MC1, the first wordlineWL1, the first bitline BL1, and
the first source line SL1 are formed together on the first
surface 201.
[0279] Accordingly, the semiconductormemory device
100 may reduce the resistance value of the first source
line SL1.
[0280] As a result, the semiconductor memory device
100 may increase the power efficiency of an operation of
readingdata fromeachmemorycell (for example,MC1or
MC2) of the memory cell array 110E.
[0281] In addition, the semiconductor memory device
100 may enhance the accuracy of the operation of read-
ing data from each memory cell (for example, MC1 or
MC2) of the memory cell array 110E.
[0282] FIG. 9 is a circuit diagram illustrating a config-
uration in which a control logic circuit according to an
exampleembodiment readsdata, stored inamemory cell
array, using a sense amplifier.
[0283] Referring to FIG. 9, a semiconductor memory
device 100A according to an example embodiment in-
cludes a control logic circuit 150, a sense amplifier 123, a
memory cell array 110, and a reference cell array 910.
[0284] The semiconductor memory device 100A illu-
strated in FIG. 9may beunderstood as an example of the
semiconductor memory device 100 illustrated in FIG. 1.
Therefore, the same or substantially the same compo-
nents are represented by the same reference numerals,
and redundant descriptions thereof will be omitted.
[0285] According to an example embodiment, the
semiconductor memory device 100A includes a sense
amplifier 123 connected to thememory cell array 110and
the reference cell array 910.
[0286] Forexample, the senseamplifier 123mayapply
current to the memory cell array 110 and the reference
cell array 910 under the control of the control logic circuit
150.
[0287] According to an example embodiment, the con-
trol logic circuit 150 applies read current to at least a
portion of memory cells included in the reference cell
array 910 and thememory cell array 110 using the sense
amplifier 123.
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[0288] For example, the control logic circuit 150 may
apply read current to at least a portion of memory cells
MC1 to MCn included in the memory cell array 110
through a plurality of bitlines BLs.
[0289] The control logic circuit 150 may apply a read
current to a reference cell, included in the reference cell
array910, througha referencebitlineBLref.For example,
the read current applied to the reference cell array 910
may be referred to as reference current.
[0290] The referencecell array910maybeunderstood
to include a single reference cell, but example embodi-
ments are not limited thereto. The reference cell array
910 may also be understood to include at least two
reference cells.
[0291] Furthermore, the control logic circuit 150 may
compare current, output from the reference cell array
910, with current output from the memory cell array 110.
[0292] For example, the control logic circuit 150 may
identify current output from the memory cell array 110
through the plurality of source lines SLs. In addition, the
control logic circuit 150 may identify the current output
from the reference cell array 910 through a reference
source line SLref.
[0293] Accordingly, the control logic circuit 150 may
compare the current, output through the plurality of
source lines SLs, with the current output through the
reference source line SLref.
[0294] The control logic circuit 150 may read data
stored in at least a portion of the memory cells MC1 to
MCn included in the memory cell array 110, based on a
result of the comparison.
[0295] Referring to FIGS. 2 and 9, the semiconductor
memory device 100A may increase areas of the source
line SL1 and the bitline BL1 through the first source line
SL1 and the first bitline BL1 disposed on different sur-
faces of the substrate 200.
[0296] For example, in the semiconductor memory
device 100A, source lines connected to each of the
memory cells MC1 to MCn may be disposed on the
second surface 202 of the substrate 200.
[0297] Thus, the semiconductor memory device 100A
according to an example embodiment may increase
areas of source lines and/or bitlines connected to each
of the memory cells MC1 to MCn.
[0298] In addition, the semiconductor memory device
100A may reduce resistance values of the source lines
and/or bitlines connected to each of the memory cells
MC1 to MCn.
[0299] Accordingly, the semiconductormemory device
100A may reduce an impact of the resistance values of
the source lines and/or the bitlines on applying read
current to each of the memory cells MC1 to MCn, in-
cluded in the memory cell array 110, and identifying
output current.
[0300] As a result, the semiconductor memory device
100A may reduce mismatch occurring based on relative
locations of the sense amplifier 123 and each of the
memory cells MC1 to MCn in the memory cell array 110.

[0301] In addition, the semiconductor memory device
100A according to an example embodiment may en-
hance theaccuracyofanoperationof readingdatastored
in the memory cell array 110.
[0302] As described above, the semiconductor mem-
ory device 100 according to an example embodiment
includes a first memory cell MC1 and a first bitline BL1
disposed on the first surface 201 of the substrate 200.
[0303] In addition, the semiconductor memory device
100 may include a first source line SL1 disposed on the
second surface 202, parallel to the first surface 201 of the
substrate 200, to be connected to the first cell transistor
CT1.
[0304] The first source line SL1 may have a relatively
large area (or width) compared to the case in which it is
formed together with the first memory cell MC1, the first
wordlineWL1, and the first bitline BL1 on the first surface
201.
[0305] Thus, the semiconductor memory device 100
according to an example embodiment may significantly
reduce a resistance value of the first source line SL1.
[0306] Due to the above-described configurations, the
semiconductor memory device 100 according to an ex-
ample embodiment may increase the power efficiency of
an operation of reading data stored in the first memory
cell MC1.
[0307] For example, the semiconductor memory de-
vice 100may increase a readmargin for the first memory
cell MC1.
[0308] In addition, the firstmemory cell MC1 according
to an example embodiment may have a relatively small
area compared to the case in which the first bitline BL1
and the first source line SL1 are formed together on the
first surface 201.
[0309] Thus, the semiconductor memory device 100
according to an example embodiment may significantly
reduce a size of the first memory cell MC1 or thememory
cell array 110.
[0310] According to an embodiment, the semiconduc-
tor memory device 100 may reduce resistance values of
metal lines connected to the first memory cell MC1
through the first source line SL1 disposed on the second
surface 202.
[0311] Accordingly, the semiconductormemory device
100A may reduce an impact of the resistance values of
the source lines and/or the bitlines on applying read
current to each of the memory cells MC1 to MCn, in-
cluded in the memory cell array 110, and identifying
output current.
[0312] As a result, the semiconductor memory device
100A may reduce mismatch occurring based on relative
locations of the sense amplifier 123 and each of the
memory cells MC1 to MCn in the memory cell array 110.
[0313] As set forth above, a semiconductor memory
device according to an example embodiment includes a
source line formed on one surface, which is not adjacent
to a memory cell, of a substrate. As a result, the semi-
conductor memory device may significantly reduce the
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resistance of metal lines and an effect caused by the
resistance of the metal lines.
[0314] Embodiments are set out in the following
clauses:

Clause 1. A semiconductormemory device compris-
ing:

a memory cell array comprising a plurality of
memory cells, each comprising a variable resis-
tor element and a cell transistor;
a first bitlineandafirst source line connected toa
first memory cell, among the plurality of memory
cells; and
asubstrate connectedbetween the firstmemory
cell and thefirst source line, thesubstratehaving
a first surfaceadjacent a first cell transistor anda
second surface opposing the first surface,
wherein the first bitline is connected to the first
cell transistor through a first variable resistor
element of the first memory cell, and
wherein the first source line is disposed on the
second surface of the substrate and is con-
nected to the first cell transistor.

Clause 2. The semiconductor memory device of
clause 1, further comprising:

a first back contact that penetrates through at
least a portion of an interior of the substrate from
the second surface,
wherein the first source line is connected to the
first cell transistor through the first back contact.

Clause 3. The semiconductor memory device of
clause 1 or 2, comprising:

a first front contact connected to the first cell
transistor on the first surface of the substrate,
wherein the first bitline is connected to the first
cell transistor through the first variable resistor
element and the first front contact.

Clause 4. The semiconductor memory device of any
one of clauses 1 to 3, wherein the first variable
resistor element comprises:

a first magnetic layer, a second magnetic layer,
and a tunnel layer disposed between the first
magnetic layer and the second magnetic layer,
wherein the first variable resistor element has
different resistance values depending onamag-
netization direction of the first magnetic layer
and a magnetization direction of the second
magnetic layer, which are formed depending
on current applied through the first bitline.

Clause 5. The semiconductor memory device of any

one of clauses 1 to 4, wherein the first variable
resistor element comprises:

a first metal layer, a second metal layer, and an
insulating layer disposed between the firstmetal
layer and the second metal layer, and
wherein the first variable resistor element has
different resistance values depending onamag-
nitude of a magnetic field formed in the insulat-
ing layer through the first metal layer and the
second metal layer.

Claims

1. A semiconductor memory device (100) comprising:

a first memory cell (MC1) comprising a first
variable resistor element (VR1) and a first cell
transistor (CT1) connected to the first variable
resistor element (VR1) through a first source-
drain electrode (SD1);
asubstrate (200) comprisingafirst surface (201)
connected to a second source-drain electrode
(SD2) of the first cell transistor (CT1) and a
second surface (202) opposing the first surface
(201);
a first bitline (BL1) connected to the first source-
drain electrode (SD1) of the first cell transistor
(CT1) through the first variable resistor element
(VR1); and
a first source line (SL1) having a first width (W1),
arranged on the second surface (202) of the
substrate (200) and connected to the second
source-drain electrode (SD2).

2. The semiconductor memory device (100) of claim 1,
comprising:

a first back contact (BC1) located inside the
substrate (200) and extending from the second
surface (202),
wherein the first source line (SL1) is connected
to the second source-drain electrode (SD2)
through the first back contact (BC1).

3. The semiconductor memory device (100) of claim 1
or 2, comprising:

a first front contact (FC1) connected to the first
source-drain electrode (SD1) on the first surface
(201) of the substrate (200); and
a first metal line (ML1) stacked on the first front
contact (FC1),
wherein the first bitline (BL1) is connected to the
first source-drain electrode (SD1) through the
first variable resistor element (VR1), the first
front contact (FC1), and the first metal line
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(MI,1).

4. The semiconductor memory device (100) of any one
of claims 1 to 3, wherein the first variable resistor
element (VR1, 310) comprises:

a first magnetic layer (311), a second magnetic
layer (312), and a tunnel layer (313) disposed
between the first magnetic layer (311) and the
second magnetic layer (312), and
wherein the first variable resistor element (VR1,
310) has different resistance values depending
onamagnetizationdirectionof the firstmagnetic
layer (311) and a magnetization direction of the
second magnetic layer (312), which are formed
depending on current applied through the first
bitline (BL1).

5. The semiconductor memory device (100) of any one
of claims 1 to 4, further comprising:
a first wordline (WL1) connected to a first gate elec-
trode (G1) of the first cell transistor (CT1) on the first
surface (201) of the substrate (200).

6. The semiconductor memory device (100) of any one
of claims 1 to 5, further comprising:

a first additional wordline (AWL1) disposed on
the second surface (202) of the substrate (200),
wherein the first additional wordline (AWL1) is
connected to the first gate electrode.

7. The semiconductor memory device (100) of any one
of claims 1 to 6, further comprising:

a secondmemory cell (MC2) disposed adjacent
to the first memory cell (MC1) and comprising a
second variable resistor element (VR2) and a
second cell transistor (CT2); and
a second bitline (BL2) connected to a third
source-drain electrode (SD3) of the second cell
transistor (CT2) through the second variable
resistor element (VR2),
wherein the second cell transistor (CT2) is con-
nected to the first source line (SL1), disposed on
the second surface (202) of the substrate (200),
through the substrate (200).

8. The semiconductor memory device (100) of any one
of claims 1 to 7, further comprising:

a reference cell (910) connected between a
reference bitline (BLref) and a reference source
line (SLref); and
a control logic circuit (150) connected to the first
memory cell (MC1) and the reference cell (910),
wherein the control logic circuit (150) is config-
ured to:

apply read current through the first bitline
(BL1), the first source line (SL1), the refer-
ence bitline (BLref), and the reference
source line (SLref); and
identify data stored in the first memory cell
(MC1) based on a difference between a
resistance formed in the first variable resis-
tor element (VR1) of the first memory cell
(MC1) and a resistance formed in the re-
ference cell (910), depending on the read
current.

9. The semiconductor memory device (100) of any one
of claims 1 to 8, wherein the first variable resistor
element (VR1, 320) comprises:

a first metal layer (321), a second metal layer
(322), and an insulating layer (323) disposed
between the first metal layer (321) and the sec-
ond metal layer (322), and
wherein the first variable resistor element (VR1,
320) has different resistance values depending
on amagnitude of amagnetic field (E) formed in
the insulating layer (323) through the first metal
layer (321) and the second metal layer (322).

10. The semiconductor memory device (100) of any one
of claims 1 to 9, further comprising:

a second source line (SL2) disposed on the first
surface (201) to have a second width (W2),
smaller than the first width (W1),
wherein the first source line (SL1) is electrically
connected to the second source line (SL2)
through a connecting member (CM) that pene-
trates through the substrate (200).

11. The semiconductor memory device (100) of any one
of claims 1 to 10, further comprising:

a second front contact (FC2) connected to the
third source-drain electrode (SD3) on the first
surface (201) of the substrate (200); and
a second metal line (MI,2) stacked on the sec-
ond front contact (FC2),
wherein the second bitline (BL2) is connected to
the third source-drain electrode (SD3) through
the second variable resistor element (VR2), the
second front contact (FC2), and the second
metal line (ML2).

12. The semiconductor memory device (100) of any one
of claims 1 to 11, further comprising:

a secondwordline (WL2) connected to a second
gate electrode (G2) of the second cell transistor
(CT2) on the first surface (201) of the substrate
(200).
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13. The semiconductor memory device (100) of any one
of claims 1 to 12, further comprising:

a first connecting member (CM1) that pene-
trates through the substrate (200); and
a first metal member (MM1) connected with the
first connecting member (CM1) on the first sur-
face (201) of the substrate (200), and connected
with first wordline (WL1),
wherein the first additional wordline (AWL1) is
connected to the first gate electrode (G1)
through the first connecting member (CM1),
thefirstmetalmember (MM1), and thefirstword-
line (WL1).

14. The semiconductor memory device (100) of any one
of claims 1 to 13, further comprising:

a second addition wordline (AWL2) disposed on
the second surface (202) of the substrate (200);
a second connecting member (CM2) that pene-
trates through the substrate (200); and
a second metal member (MM2) connected with
the second connecting member (CM2) on the
first surface (201) of the substrate (200), and
connected with second wordline (WL2),
wherein the second additional wordline (AWL2)
is connected to the second gate electrode (G2)
through the second connecting member (CM2),
the second metal member (MM2), and the sec-
ond wordline (WL2).

15. The semiconductor memory device (100) of any one
of claims 1 to 14, further comprising:

a first additional back contact (BC1’) disposed
on the second surface (202) of the substrate
(200), and connected to the first back contact
(BC1),
wherein the second source-drain electrode
(SD2) is connected with the first source line
(SL1) through the first back contact (BC1) and
the first additional back contact (BCF).
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